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ABSTRACT 


The  effects  of  repetitive,  small-spot,  incoherent  light  flashes  on 
pursuit  tracking  was  studied  in  the  BLASER  tracking  simulator  under 
bright  and  dim  ambient  light  conditions.  Ten  experimentally  naive  men 
served  as  volunteers.  The  target  was  a  scale-model  tank  moving  at  a 
constant  angular  velocity  of  5  mrad/sec  at  a  simulated  distance  of 
1  km.  A  series  of  5  flashes,  presented  at  a  rate  of  20  Hz,  were 
presented  during  randomly  selected  tracking  trials.  Flashes  were 
produced  with  a  miniature  xenon  flash  lamp  housed  within  the  tracking 
device  and  spatially  filtered  to  produce  a  100M  retinal  diameter  spot 
at  approximately  50%  of  the  maximum  permissible  exposure  level. 
Colored  filters  in  front  of  the  lamp  were  used  to  produce  flashes  in 
the  red  and  green  portions  of  the  visible  spectrum.  Unfiltered  light 
from  the  lamp  produced  white  light  flashes. 

The  flashes  produced  statistically  significant  increases  in  the 
horizontal  standard  deviation  error  scores.  These  were  manifested 
mainly  by  lead  or  lag  errors  (crosshairs  ahead  or  behind  the  target) 
in  response  to  the  flash,  followed  by  a  return  to  baseline  error 
levels.  The  magnitude  of  this  effect  was  greater  in  the  dim  viewing 
condition  than  in  the  bright,  as  measured  by  the  maximum  aiming  error 
and  the  temporal  course  of  recovery.  No  significant  effect  was 
observed  for  flash  color  —  equal  energy  red,  white,  and  green  flashes 
producing  similar  postflash  performance  changes. 
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The  effects  cf  bright  light  flashes  on  military  performance  have 
been  extensively  investigated  (e.g.,  1,2).  For  the  most  part,  these 
studies  have  been  conducted  with  aviator  personnel  in  flight 
simulators  to  document  the  debilitating  visual  effects  resulting  from 
environmental  "white-out"  following  simulated  nuclear  detonation. 
Typically,  high- intensity,  full- field,  single- pulse,  white  light 
flashes,  of  several  milliseconds  or  longer  duration,  have  been  used  to 
produce  visual  dysfunction  'from  the  initial  flash  exposure  and 
resulting  afterimages)  and  the  effectiveness  of  this  disruption  gauged 
by  measuring  the  latency  to  complete  some  visual  performance  task 
(e.g.,  correctly  reporting  a  feature  on  an  instrumental  panel).  The 
exposed  retinal  areas  have  been  generally  many  times  greater  than  that 
of  the  stimulus  targets. 


Ground  troops  engaged  in  combat  may  also  be  exposed  to  high 
intensity  light  which  could  disrupt  the  successful  completion  of  their 
military  mission.  Pyrotechnics,  h i gh- i n t ens i t y  search  lights,  and 
electronic  strobes  are  all  capable  of  producing  visual  disturbances 
which  could  compromise  both  unaided-eye  and  daysight  viewing, 
especially  under  low-light  conditions.  Lasers  may  represent  an 
additional  battlefield  threat.  Enemy  forces  could  exploit  the 
exceptional  brightness,  accurate  aiming,  and  nanosecond  (10-^  sec) 
delivery  properties  of  lasers  by  deliberately  engaging  and  optically 
countermeasuring  soldiers  (3).  Visible  and  near  infrared  laser  energy 
collected  and  amplified  through  magnifying  daysight  optics  and 
received  by  the  eye  could  result  in  permanent  retinal  damage  with 
accompanying  long-term  visual  dysfunction  (4).  Lower-level,  non¬ 
damaging  exposures,  delivered  before  the  onset  of  the  blink  reflex, 
could  result  in  temporary  flash  blindness  and  adversely  impact  mission 
performance. 


Previous  work  from  this  laboratory  examined  the  effects  of 
chromatic  strobe  flashes  on  pursuit  tracking  performance  with  a 
viscous-damped  mount  tracking  device  (5).  Single-pulse,  538  nm  - 
centered  (green)  strobe  flashes,  almost  J_0  times  below  maximum 
permissible  safe  exposure  levels  (and  much  lower  than  levels  produced 
by  many  military  laser  devices),  were  delivered  to  volunteers  tracking 
highly  predictable  moving  targets.  Flashes  were  full-field  and  exposed 
a  retinal  area  with  a  diameter  of  approximately  30  degrees.  The 
flashes  produced  significant  disruptions  of  pursuit  tracking 
performance,  as  measured  by  increases  in  both  horizontal  and  vertical 
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post-flash  standard  deviation  error  seer  under  t>c •. t  brig  r.t.  and  o. 
ambient  light  conditions. 

An  important  aspect  . :  laser  r-  diction  fr ..  m  cur  *-  o  r.  t  .  y  fielded 
systems  is  the  characteristic  •  f  low  '  divergrr.  :e,  a  y 

small  beam  spread  with  relatively  lj'.t'e  light  los.  .  -r  •  ypi  <  if. 
tactical  distances  of  1  tj  km.  Fvou'ir;-  of  ti  -  l;:-'->-  r;  c  La* i ?•  b  •- 
the  eye  would  produce  retinal  e>  potures  nr  proa*  er  thi  1  -dl  to  ,’C 
microns  in  diameter  and  encompass  an  area  many  t».aes  o-'.^li--  ;.,k  r,  tha.. 
produced  by  a  magnified  view  -.:!  the  targe  •  .  7:  .  a  .  *.  i  ■  pal  at 

tactical  lasers  may  operat  in  a  ■  a  i  i  .•  *  r  or  .  ••  e 

wavelengths  in  the  visible  energy  r..  •  •  eg  :  ;tui.  . 

therefore  designed  to  ex  -im: •  <  -he  ■  ■ff.-.-ts  u{  .  * r  iow-'ov.. 

laser  exposure,  i.e. ,  repetitive,  am  -E_  i -sp  jt  f  •  '  a  ret:  >.V  i  r  ;  L 
diameter),  white  ligr.t  ard  chromatic  flasher,  or.  ,  ursti  t *.  :  k  i  r 
performance  under  both  bright  nod  dim  imbi  ent  :  •  g  .  .-r.  id.r  n 

METHODS 

Volunteers  Ten  experimental i  y  vo  men  ,9  a  •f  i  v..  duty 
and  i  Department,  of  th-3  Army  oi.iliar,),  rang,  i  r.g  r;  aye  •  m  *  •  '7 

years  (average  s  29  yr  ),  served  or  volunteer  c  !)a  r  t  <  . 

administered  a  battery  of  cl  j  r.l  f.  visua’  t  er-ts  ,nu  pr  ••v-.'.eo  v  . 
ophthalmological  examination  before  and  after  the  stud"  cl  ’.meal 

battery  included  the  Far nsworth-Munsc-1  :  100-H Test,  the  Irh.hara 
Test  for  Color  Piindr.es.-,  (K sneharv  ti.uppnn  rc.,  ?cky»  .  Jaor  n,  i(Jt9) 
the  Arden  Test  of  Corr  -  usi  Sensitivity,  end  dark-  jd.iptar.;. restin''. 
All  participants  were  judged  to  be  within,  normal  limits  on  tut.-, 
screenings  before  and  after  the  study.  before  any  t xper imen‘  ai  or 
clinical  procedure,  each  participant  was  briefed  or  the  purpose  c  f  .ha 
study  and  was  requested  to  sign  u  volunteer  consent  l c-m  (Appendix  i . 

Procedure.  Pursuit  tracking  perform  nee  Jat.:.  was  collected  under 
simulated  field  conditions  in  the  BLASEP  tr.oking  simulator  (V).  The 
simulator  consisted  of  a  scale  model  Warsaw  Pact  T-bf  tank  target  on  a 
terrain  board  and  a  full-sized  sandbag  bunke**  which  housad  fhe 
viscous-damped  optic;;’  tracking  jovice.  The  target  was  track-mounted 
and  driven  in  a  single  direction  from  left  to  right  at  a  const r. t  , 
angular  velocity  of  5  mrad/sec.  Tie  track  was  laid  out  over  a  level 
course  at  a  constant  arc  from  the  center  post  of  tne  tracking  device 
at  a  simulated  distance  of  1000  meters.  Trials  commenced  wit i  the 
target  stopped  and  the  observers'  crosshairs  aligned  with  a  0.5  mrsd 
aiming  patch  located  centrally  between  the  turret  and  hull  of  the 
tank.  On  the  command,  "Heady  --  Go,"  the  target  traversed  the  terrain 
for  approximately  15  sec  while  the  operator  attempted  to  keep  the 
crosshairs  fixed  on  the  target.  An  infrared  light-emitting  diode, 
located  in  the  center  of  the  aiming  patch,  was  imaged  by  a  television 
camera  mounted  coaxially  with  the  optics  of  the  tracking  device. 
Invisible  to  the  operator,  its  signal  provided  a  reference  point 
source  for  a  microprocessor  and  associated  software  to  monitor 
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tracking  performance  •  V.  1  y. 

Flushes  wore  produced  with  n  Miniature  xenon  ash  .amp  'EG&CJ 
No.  27 })  also  housed  within  the  tracking  device,  The  : ight-emitting 
area  was  focused  and  spatial  iy  filtered  to  produce  3  ' retinal 


d  i  a  m  e  t  e 

r  spot  size  and  borer- it 

; 1  f/j 

the-  center  0 

f  the  operator's  i 

0  r  0  s  s  h  a 

irs.  To  the  volunteer  • 

1  ri  S  u  l  *  ‘  i 

.  a  t  a  r  g  f  ‘  *.  r  u< 

appeared 

to  originate  from  the 

tank  arid 

cover  ar.  are 

a  no  larger  than 

t  h  e  b  u  1 

1’s-eye  of  the  targe 

♦. ' s  a  i  : 

n  i  n  g  p  a  t  e  h . 

f  last  trial 

c  0  n  s  i  s  t 

ed  of  five,  2  p  s ee 

pulses, 

occurring  a 

t  a  r  a  t  e  of  2 0 

pul ses  s 

ee.  Chromatically  unfi 

l  ter ed  1 

ight  from  the 

.amp  was  used  to 

product' 

"white"  light  fi  as  ties. 

K  o  d  a  k 

W  r  a  1 1  e  n  f  i  1 1  e 

?rs  were  used  to 

obtain  1 

1  a s h e s  wit h i  n  t h e  red 

(No.  ?_*■; 

and  green  (No. 

5  8 }  p  o  r  t  i  o  n  s  o  f 

t  he  visible  spectrum.  These  colors  were  chosen  to  represent  currently 
or  potentially  fielded  visible  wavelength  laser  systems.  Using  the 
radiar, t  energy  output  obtained  with  trie  red  filtered  light  as  a 
standard,  neutral  density  filters  were  used  with  the  unfiltered  and 


green  filtered  light  to  produce  approximately  equal  output  energies 
between  flash  conditions.  Measured  dosimetry  of  t h e  energies  were 
calculated  to  be  nearly  10  times  below  maximum  permissible  energy 
levels  for  human  exposure  (8).  At  no  time  during  the  course  of  the 
study  were  volunteers  exposed  to  laser  radiation. 

Ambient  terrain  lighting  was  controlled  by  inserting  or  removing  a 
separate  neutral  density  filter  within  the  optics  of  the  tracking 
device.  Using  a  Spectra  Minispot  photometer,  the  measured  average 
terrain  luminance  at  the  exit  aperture  of  the  tracking  device  was 
250  lm/m“  under  bright  light  conditions.  Under  low-light,  with  the 
neutral  density  filter  iri  place,  luminance  was  calculated  to 
be  0.8  lm/m".  This  level  was  chosen  to  represent  ar.  early  dawn/late 
dusk  condition.  Light  was  permitted  to  enter  the  bunker  only  from  the 
optics  of  the  tracking  device  or  from  an  overhead  diffused 
incandescent  bulb.  During  the  br ight- 1 ight  condi t ion ,  average  ambient 
luminance  within  the  bunker  was  5.0  lm/m‘:.  The  bunker  lights  were 
turned  off  during  low-light  trials. 

Each  volunteer  received  four  daily,  30-trial  training  sessions 
prior  to  test  day.  Half  of  the  trials  were  conducted  under  each  of  the 
2  ambient  lighting  conditions.  A  1-min  rest  period  was  provided 
between  each  trial  and  a  10-min  rest  break  was  permitted  between  each 
block  of  15.  An  additional  10  min  was  permitted  for  partial  dark 
adaptation  before  tracking  under  the  low-light  condition.  Summary 
feedback  information,  in  terms  of  percent  time  on  target  and 
horizontal  standard  deviation  scores  was  provided  to  volunteers 
following  the  completion  of  each  tracking  trial.  In  previous  studies, 
these  training  conditions  have  yielded  stable  operator  tracking 
performance  with  a  high  level  of  operator  accuracy.  A  single 
experimental  session,  identical  to  the  training  sessions  except  for 
the  insertion  of  flash  trials,  was  administered  on  the  day  following 
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Figure  la.  Bright  ambient  light:  Red  flash. 


Figure  lb.  Bright  ambient  light:  (Jreen  flash. 
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Figure  2.  Horizontal  SD  error  scores:  2.5  sec  pre/post  interval. 
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Summary  of  Paired  t-tests  for  Horizontal  Error 
Pre-Post  Mean  Differences  Under  Bright  and  Dim 
Ambient  Light  Conditions* 
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t The  P<.05  level  was  used  to  determine  statistical  signi f icance. 
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As  expected,  the  ANOVA  reve  :i  •  ;:prufj  .ant  tnai  r  effects  for  both 
ambient  light  :  evel  and  pre/p  >.ut  .°D  scores.  in  addition,  statistical 
significance  was  found  f <•  r  U-«  p^e/post.  x  light  l<-vel  interaction 
This  latter  finding,  pred>  ot.ib!  e  from  an  :  nspeet  c>n  of  F'gure  ,  i. 
readily  explained  by  the  increased  subject  Horizontal  S D  error  scores 
associated  with  pest- flash,  .ow-iigiit  perfcrntr.ee.  No  ;igr.i  f  icant 
effects  were  found  for  flash  color  or  any  i  iter  a>t  ior.r.  containin' 
flash  color.  An  additional  ANOVA  was  performed  to  deter mi n  a  t ne 
effects  of  flash  color  and  light  level  on  p-e.  post  mean  SD  diff'co.:  e 
scores.  Although  not  shewn,  bet'"  the  flash  cjIc  m.c'r.  off  a-  v  +  <d 
flash  color  X  light  level  int.  r  act  ion  were  n  an  -  ■;  i  g  i. .  fi  ■„  nr.  t.  Thu'  , 
under  the  present  t  sat  confiti  utilizir--  •  ei  at ..  ve]  y  t^hosatc. 

high  contrast  target-baokgr  ov  a.-r.n, ,  low-  .  >  vc-i  red,  preen,  and  \/h;  *  •. 
flashes  were  equally  effective  in  producing  increased  horizon':’ 
variable  error  tracking  rates. 

Analvsis  of  Tracking  Error.  i'  ie  horizontal  51L  ---or  3.  or  or 

utilized  in  the  previous  a-.-  >c  -amm  i«-  1  ze  operator  variac.il  icy 
around  ar  average  pouf  r  f  :  urge  excursions  of  the  track 

crosshair's  are  translated  into  r  e  .  at .  vci  y  higher  v;*r  \  able  err  f 
scores.  Although  providing  a  useful  n-r  a  sir  c  of  overall  e-  ror  i<vei, 
additional  analyses  of  operator  per  for  tn.vi  also  he  achieve  t  t 

directly  assessing  the  pr and  itsh  values  of  the  track  .•  ng 

error,  i.e.,  the  actual  raw  digitiz'd  so-,  res  w:tic!i  -*e  preset  *  ••  n< 

operator's  deviations  from  the  ar.l:';  central  arming  pjj'.c. 

Initial  aiming  error  in  response  *  1  ash.  Tracking  p^rlt  r  -.no. 
curves  for  all  ten  volunt- -rs  under  trie  bright  light/ white  f  ?. ash  and 
low  iight/green  flash  conditions  ar  c  presented  in  Figures  -Hr.  r-no  a. 
The  data  shown  indicate  tne  her i zontal  potiti*  n  or  the  oped  ate.  ' s 
crosshairs  with  respect,  to  target  center  and  are  representative  of  all 
the  volunteer/ light  leve*  -'flash  color  conditions.  These  curves  ire 
similar  to  thos°  presented  ir,  r\gures  i f  except  chat-  they  have  been 
combined  for  all  subjects  and  redrawn  to  a  common  origin  (flash 
onset).  In  addition,  each  point  of  inflection  represents  the  avi  .  J- 
aim  point  of  a  0.r<  sec  interval  ranging  f ror..  -2.0  see  ore-  to  +5.0  sec 
post-flash. 
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Figure  4a.  Individual  tracking  performance:  Bright  ambient  light  ■ 
white  flash. 


Figure  4b.  Individual  tracking  performance:  Dim  ambient  light  - 
green  flash. 


ev  t  no 


Whi  1  *»  Figures  <1  at.d  b  expri.  .1  g  -oi.p  p  er  for  ranee  in  a  so  m<.  what 
complex  manner,  even  casual  i  ns  pec  tic...  <•'  th«  curves  indicates  tb.it 
the  onset  of  t.no  f  last.  0  see)  general  .  y  result."  in  -i  t  her  ,::i'  i  .>  1 
lead  or  lag  errors  c  r  o  r  h  n  i  r  a  ho  'id  or  behind  large1.,  upv.  . -u 
downward  deflection  of  *  .ie  0  urves,  v  t  spec*,  i  ve  ly).  Ovei  a  1  ,  a;  pr...<  i  - 
•Tiateiy  equal  numbers  of  t.r :  al  s  *nspl  rr.-d,  all  hough  to  different  de¬ 
grees,  both  types  of  response  1.  f  1  ash  occurrence  (Brig II  put: 
lead  error,  no*  ,  ag  error;  D  i  m  light:  <13*  lead  errr  ,  Aii"  lag  »  r  r  c:  . 

A  small  nurn<  r  of  trial?,  ahou:  1  •  %  of  the  tot;.,  iinplai'-  j  file 
discernible  error.  ,'r.al  1 ,  i  00. il  1  z<  d  . if  *  erir:  ages  wer.  r  op-' r  <•  i  oi:."r 
low-light  condit  ions,  but  a  •  ar  “i-1  extent  mm' h  r .  er  t;  .•  '  n‘. 
the  target.  Their  temporal  pe-s:  «t»  one.-.  w..s  fairly  tr'rf  {.  _  r  .  ,t.d 
had  nc  observable  effect  or;  subsequent  r.cr-f  1  asn  hr.’..  .  Vii’.f.l 
monitoring  of  operator  performance,  along  with  subjee*  iw.  report  tv 
some  of  the  volunteer.'.,  also  reveal  «d  the  occur  rw.ieo  of  ”s . 
reactions  to  the  onset  of  the  flash.  These  we*-«  usually  c.-  mete-;  z*  •• 
by  a  brief  excursion  of  the  crosshairs  in  th.-  direction  c*’  targe, 
travel,  typicilly  resulting  in  a  -.end  error.  Convert-  • '  y ,  ->f  t  ;  i  r; 
response  to  the  flash,  volunteers  were  inhibited  in  th» . r  pics.  1  ' 
the  target.  Correa*-  ions  tu  their  ennui "g  lag  errors  wer  ;  s  m  . 
accompanied  by  small,  targe  cvershcot  s  before  ?  ;•  <  ••umritio;.  :f  pre- 
flash  tracking  e-ror  levels.  .'chi.r.g  differences  in  Fife  «s  ,.nd  r 
once  w  ;i  i  1;  indicate  that  the:  ••  flash  <*>  feet-  we-.  .  ;  a  gr  <  • 
magnitude  and  durati  >n  under  tie  .1  i : ,  1  <'n>.  li.,ntin:  cun  i  it  ion  tnrm 

unde;-  the  bright. 

Maximum  Absolu’--  Hr -cr.  b:  st ;  tbutiuns  of  masimum  er  re  s,  ;  <■, 
the  maximum  deviation  "f  ft:-'  crussho  rs  from  target  center,  duriv  rd  • 
2.0-sec  pre-f  1  arh  and  ‘Is  -  post-fl  ash  epochs  are  p;  i'spi.i  c  J  1;: 
Figures  5c.  .ana  b  lor  the  i  nd ;  •>  1  l.iaa  flash  conditions  under  both  br.grt 
and  low-ambient  light  conni t i c.-,...  F;nce  lead  and  lag  errors  i.t  mute¬ 
ly  result'd  ir  similar-  <'orircqu*':;>'*'S  —  decent ored  or  off-target  an  -- 
all  the  tracking  errors  art  •••>•  pressed  as  absolute  wipes.  Inoi\  iduai 
scores  are  shown  try  filled  cir  ;  -s,  range  limits  are  expressed  ns  ch*. 

toD-  and  bottom-most  scorer .  and  sample  means  are  shown  y  trie  hori¬ 
zontal  lines  wit  bin  the  range  ba-s.  One  post -flash  maximum  error  vilu 
for  both  the  white  and  green  fash  condition  under  low-ligat  extender 
beyon-J  the  system's  recording  capability  (n?.S  irradl  and,  for 
purposes  tf  oat  a  pr  ;scntat  ion,  j  was.  assigned  a  value  of  2.1  lira. I  ‘ 
shown  by  the  asterisks  for  the  white  and  green  post-: hash  samp i e 
distributions  in  Figure  lb).  The  horizontal  dashed  linns  at  0.21  rnrua 
in  Figure  5a  and  at.  2.00  mi  ad  in  Figure  5b  represent,  respectively, 
the  limits  of  the  target,  board  and  the  front/rear  end  of  the  tank  from 
the  operator's  central  aiming  point.  (Because  of  the  target  boards' 
center-of-mass  position  along  the  tank's  turret  ring,  the  angular 
subtense  is  slightly  unequal  from  target  center  to  the  front  [l.S^ 
mradj  and  rear  [2.15  mrad]  ends  of  the  tank.  The  2.00  mrad  value, 
therefore,  represents  a  "compromise"  between  these  two  extents.) 
Scaling  differences  along  the  vertical  axes  underscore  the  influence 
of  ambient  light  level  on  overall  performance. 


\  ' 

r! 


The  ef  of  flash  --or  so  or.  as  on  abrupt  s u  *  t  r-.s  ;•  lent 

increase  in  a  i  m  i  np  error  »  i  ’ 1  ••  •:  I'Vf.it  ia!  r«-t..rr.  to  base!  i  .  rrc  i' 

levels.  perjure  the  p ..  i  mt  or.  each  of  ir*-  e  .rvoc  re:  roc  r  t  the 
average  deviation  over  ‘'.'--see  in  to-  rvn  1  r  for  each  cubic?  t  .-r.  e'-aped 
over  ail  subjects,  the  actual  heights  o  t.h*-  curves  present  a  somewhat 
const- rvn*.  i  ve  estimate  of  the  actual  it -if’c  i  t,u  i  «■  of  the  as  -  i  nf;  crro  r. 
However,  the  time  course  of  finch  r»"tov.-y  is  -euiily  at  ra  rent  by  tr.it 
approach.  For  both  ambient  1  Irht  n.nd  i  ticns,  error  amplitude  peaked 
fairly  rapidly  / 1  -  2  sec  post.-  f  1  arhl ,  a  1  though  there  was,  marked 
difference  in  the  over. a  1  i  <  rror  na.-rnitiude  in  the  t  wo  I  ipht  levels. 
Return  to  base! in*'  error  levels  oecured  in  bright  1 lpht  within  2  sec; 
under  low  li/»hr ,  recovery  was  extended  but  complete  by  A  sec  for  al 
flash  conditions. 
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DISCUSSION 


The  effects  of  simulated  loser  exposure  on  pursuit  t  r  a  '  r  i  r.< 
performance  wore  i nvest igui "a.  Repetitive,  nor -coherent ,  s:c  l-spf-  , 
white  light  and  chronntic  H  asn-.-s  produced  statistically  sign,  .car,1 
increases  in  horizontal  SD  tracking  error .  These  wort  manifest'' 
mainly  by  initial  1 -ad  or  lag  errors  (crosshairs  ahead  o-  behind 
target)  in  response  to  the  flash  and  followed  by  ?  return  to  p?  e-flash 
performance  levels.  The  magnitude  of  the  effect  was  greater  under  l he 
dim  viewing  condition  than  under  the  bright,  as  measure.  *  •/  bath  *.h 
maximum  aiming  error  as  well  a:  by  the  temporal  course  cf  recovery. 
However,  under  dim  viewing  conditions,  the  flash  frequently  re. qj  te" 
in  the  presence  of  afterimages  and  in  the  elicitation  of  ,rf  1  <■ 
reactions,  both  of  which  could  have  contributed  to  the  increased 
performance  decrement  observed  under  this  condition.  3a  h  effects 
could  be  expected  under  conditions  of  partial  dark  adapt  at:  .a  where 
the  pupil  was  dilated  and  there  was  a  concomitant  it  crease  ia  ret  It 
sensitivity.  No  significant  effect  was  seen  for  flash  color  -  rei. 
white,  and  green  Mashes  o!  equal  energy  producing  equivalent  n 
flash  performance  changes  -  although  analyses  of  the  riming  error  s 
under  low  light  (Figures  5  ar  I  6)  suggest  that  the  red  fMeb  may  have 
resulted  in  a  smaller  tracking  decrement  than  either  the  green  m 
white  (the  latter  comprising  the  entire  visible  spectrum).  .Lgf, 

speculative,  such  findings  would  provide  confirmation  t  ■■  the 
subjective  reports  elicited  from  the  volunteers  regirding  the 
differences  in  the  observed  apparent  brightnesses  between  the  red  and 
the  other  flashes  and  would  be  ir  agreement  with  the  results  expae'e' 
from  a  consideration  of  the  standard  GIF  observer  curve  (11). 

Investigators  (5)  utilizing  the  8LA3FR  apparatus  under  sim.lar 
experimental  conditions  previously  found  that  single  538  nm  -  centered 
flashes,  of  radiant  energy  equal  tr  that  used  in  the  preset),  study, 
consistently  produced  large  disruptions  in  pursuit  tracking  perfor¬ 
mance.  That  study,  however,  included  a  full -field  flash  those  onset 
resulted  in  a  protracted  series  of  afterimages,  partially  obscurin'’ 
both  the  entire  target  and  surrounding  terrain  for  several  seconds 
and  often  persisting  into  the  -’ext  non-flash  trial.  In  add',  tier, 
flashes  were  frequently  accompanied  by  large  startle  reactions,  whim 
further  contributed  to  the  frequently  observed  off-scale  crosshairs 
deflections.  Retinal  spot-size  in  the  oresent  study  was  limited  to 
100p  ,  visibly  just  barely  filling  the  area  occupied  by  the  bull's- 
eye  of  the  target  board.  Reported  afterimages,  primarily  confined  to 
the  dim  viewing  condition,  were  generally  brief,  small,  and  rapidly- 
resolved.  Indeed,  at  no  time  was  even  the  target  board  obscured 
either  by  the  flash  or  the  ensuing  afterimage.  In  addition,  analyses 
of  the  data  and  reports  from  the  volunteers  suggest  that  the  overall 
startle  valence  of  the  flash  in  the  present  study,  again  primarily 
confined  to  low-light  trials,  was  much  reduced  in  comparison  with  the 
observed  effects  in  the  previous  study  (5).  Unlike  the  findings  i r: 
that  study,  no  clear  trends  indicating  a  reduction  in  flash  effective- 
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with  repeated  ex  pos'U  ri-r  ee  j  1  d  1»*  detected.  Thu. 
rhe  t  we  T.  ,j.j  ;  cs  in  a  y  rel'lecl  d  I  f  f‘e  r  i  ng  1  career  ‘  !'  }■! 
r  sycho !  eg  i  ca  1  Impact  related  to  both  the  cite  -,re 
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he  present 


simulation  are  re  present,  a’,  i  v  of  those  produced  utilizing  currently 
fielded  devices  ( r*  \  the  actual  relationship  between  performance 
required  in  the  laboratory  to  that  in  the  field  remains  inknown.  Such 
factors  as  target,  prediotahi  i  i  ty  (e.g.,  angular  velocity  and  direction 
of  movement'1  and  benign  operating  conditions,  while  useful  for  a 
laboratory  tracking  simulation,  may  not  provide  'onditions  typical  of 
a  combat  environment.  Increased  complexity  of  target.  notion, 
variability  of  target  sir.e,  and  viewing  and  operating  conditions  which 
take  into  account  varying  conditions  of  visibility,  contrast,  and 
noise,  could  result  in  Inps  efficient  track i nr  and  more  pronounced 
flash  effects.  Finally,  a  wealth  of  bioeffects  data,  gleaned  from 
both  human  accident  literature  (l  4)  and  studies  utilizing  primate 
animal  models  ( 1  R,  1  f.l,  suggest  that  directed  erierpy  radiation  from 
laser  sources,  due  to  its  special  coherency,  energy  density,  pulse 
duration,  and  ultrafast  delivery  properties,  may  produce  effects  much 
more*  functionally  disrupting  than  those  produced  by  any  broad-band 
source.  Peon use  of  all  of  these  factors,  the  effects  of  small-spot, 
non-coh>*ren r.  flashes  on  pursuit  tracking  performance  observed  in  the 
present  study  should  be  considered  conservative. 


CONCLUSIONS  AND  RECOMMENDATIONS 

This  study  used  repetitive,  small-spot  •'  •  .\)  p',  non-coherent 
flashes,  an  order  of  magnitude  below  maximum  permissible  safe  exposure 
levels  and  much  farther  below  levels  characteristic  of  military  laser 
devices,  to  assess  pursuit  tracking  performance  to  large  and 
predictably  moving  targets  in  the  PbATFR  simulator.  A  series  of 
S  red,  white,  and  green  flashes,  presented  at  a  rate  of  ^0  Hz, 
resulted  in  increased  horizontal  fP  error  under  bright  and  dim-ambient 
viewing  conditions.  Under  low-light,  the  effects  of  the  flash  were 
characterized  by  both  an  afterimage  and  startle,  resulting  in  a 
greater  overall  error  magnitude  and  longer  recovery  times  under  this 
condition.  Flash  effects  were  attenuated  considerably  under  bright 
1 i ght . 
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Kutjro  stJ-ij-'f  will  incnrp^ri^'  t.!m  |  r>  station  of  "ptioa 
countermBajijres  with  *•  v.'i::  >  ve  t  •»  •  •  t.  ••  an o avers.  A.  ran^f  of  fins 

brightnesses  wil  1  be  tented  and  nrt  an.,  n  :•  t.  rod.*  to  correlate  flap 
energy  with  effects  a  pan  p^rfornaniv.  Similarly,  flash  effect::  wij 
be  evaluated  under  a  range  of  am  b  i  -ht  level  r:  to  clue  :  iat 

potential  mechanisms  relating  pof orr.at.--e  to  varying  ate.i  of  ’etina 
adaptation.  Future  work  should  also  \  •  a  ire,:  ?.  ?.  •  r.v«T  -  '  ,-ati  ng  th 
relationship  botw-T  the  rite  and  s.peoi  f  •  •  1  ty  of  r-  *  .  aai  ox  pcs  at. 
tracking  effects.  In  addition,  .he  r<- 1  e  of  startle  a?  !  envi  ror.”  •  nr.;-, 
stress  should  be  evaluated.  Ou  :•  re:i  t  ly  a  t  ud  e.  a riant  d  1  o  tr  r 
many  of  these  variabl-s  under  field  cor,.i  i  r  i  or:s  :  1  i  r.  i  .•  >•  'in  wir 
trained  line  unit  operators  using  tit  TO’*  *  rack  ;t-g  v:>*i  . 
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VO:,i!KT"KK  AUKKr-IKNT 
(Mi  1  it  :i  rv  IVrr.orii.e  i  ) 

T,  ,  havinp  fill  cif-if'i’y  to  ri  rv  r.  t ,  do 

hereVv  vol  unt-eor  w  parr,  i  <•  i  pn  •  •>  in  a  r--re.a  r--l:  r.t  idy  >  r.  ’  i  ’  i  e<j  "Work 

lln  i  r.  !■'./>’:  v  i  1  i  t:i  ry  ft  ror.  a  rei  C  n  m  b  a  t  K  f  f  e  t.  i  v  e  n  ••  ;■  :  'tidy  (  : 

A n t.  i  po -son n 1  Opt  i  e.a  I  foun term  earn  ror.;  Hxperi  r.ont  v:  7h<-  "f fonts  of 
Hope  t  i  t.  i  vp,  fm-i  1  1  pot !  nenheren  t  HI  usher  on  Pu  rn  .i  i  t.  T  rank  i  np 
■’or fo rn.anre .  " 

'"ho  irripl  ie.at  ions  of  mv  vn]  tint  ,-i  ry  pa  rr  i  •  •  i  pa  t  i  on;  •  i.»-  ro'  m  ,  duration, 
and  p.i  r  pore ;  the  m-  thods  and  rr.eanr  by  w'ai<'h  i  t  i  r  t.o  h«  eond  toted ;  and 
'hr  i!ii'onvcni**m’pit  and  hazard:-  whioV,  may  hr  reason, ably  “xr‘-ct<.-d  have 

hern  explained  t.->  mo  by  _ ,  and  are? 

.tot  forth  on  th*  rovoiato  r;  io  of  » *  ; ;  ap  -  m  *  -  ti  t  .  wh ;  oh  I  have 

initialed.  1  h.avo  been  p  i  v  n  an  o  p  ;  •>  rt,  .in  1  '  y  t<  a  k  quest  ions 

innoi’mi  np  th  i  s  i  riven  t  i  pa  t  i.  or;a  1  r.tady .  an-:  any  or-1  iiertions  have 
been  an.'.wo  i’".l  to  my  fall  and  m  p  ’  •  ■ r  ■  ra  t  1  t.r  fa  • '  . 

7  understand  th«  t  '  mny  withdraw  at  any  ti  mo  d'.iriap  id.'  i-c.irse  of  this 
study  revoke  my  eonr.ent.  and  vt  i  t.hd  mw  from  the  study  without  prejudice; 
however',  !  may  be  roir.ti  t'"d  to  and orpo  ooptain  far>  h<-r  .  x  arc  i  nations  if, 
in  the  opinion  of  the  attend  inp  piiyr-  i  <’  i  an  ,  r..n'h  ■  ■  x  am  i  tea  r,  i  onr.  are 
necessary  for  my  health  or  well  beiiip. 

!  a  tut  o  r.'-t-irid  that  ’  .'1  al  I  not  \  .  ■  n  •  i  t. !  e  i  •  <  any  ;  a  y  ••  n  t  for  my 

p-a  rt  i  o  :  p*a  r  i  on . 


f-  i  pr.a  T.aro  fate 

1  war  present  darinp  the  explanation  referred  t>"  -above,  ar  well  nr  the 
v  o  1  a  ri  *  eo  r' :'  opportunity  for  question:-.,  and  hereby  witness,  his 
s i  pn-a t.  ire. 
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I,  ,  h.'iVii'j’  a t  ta  i  rn "i  my 

birthday,  ami  otherwise  l.av  i  n#'  f  tli  co  par  i  ty  '  o  ''"nse  t.  io  b  r  :y 
volunteer  to  j  artie  i  pat»  in  -'0  irv  r.  irn  ainal  study  entitled:  "i'-l: 
Anti  personnel  c  p  t  i  c.a  !  'nan  t-  nnoasu  r  FX-  ? :  The  e  f  f.  •  «  .  • 

repetitive,  small-spot,  i  non  he  r**i;  t  f  i  aria  on  rare.:  •  i  •••.ski 
performance  umi.  r  Simula  tori  field  conn  i  tionrs.  The  i  m  j  1  ir.n  •  . .  s  ;  :  ■ 

voluntary  partie  i  "a  >  i  on;  the  nature,  i  ire  a,  aril  :•  ;  ; 

methods  and  means  by  whin*'  it  ir  to  be  <■■■  n.ur  to  i ;  "t:  the  <  anvcr. ;  er  ■: 
and  hazards  whi  ?h  may  be  reasonably  .-ypeete-i  h  ex  '  . :  :s<  •  v  ;•  > 

by  ,  and  a  "e  s*  t  forth  or.  •  a •->  « •  ta  bno  .-, 

this  Agreement,  whi-'h  1  have  i  r  i  t  r  •  1  ■■  i .  !  have  're:,  yiv  •  a 

opportunity  to  ark  questions  concern  i  »,•  this  :  nvos  t  i  fv- *  >  •  aa  1  -tidy, 
and  any  such  questions  have  been  answer--")  tr/  <*ul  1  un  t ,  a  far  t  .i  •  . 

I  understand  t  i  a  t  1  may  -a  r  any  tire'  dusinp  t  >  •  •  eo  j  rse  f  t  h  i  study 
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/  i  ■■  i -v  ''-.'it.-  in, -i’  wi’l  b*-  ured  •  mi  !  i  •  -s  ry  t---rr<~r.nol  ’-i  rid  others 

who  build  lar.err  -  :•  parTiripa:-  in  !':•■'  ‘  ■  r  wl  <  ■  iar-r  systems 

i’"!  ii'V'-i.  mh.-  i  n  forma  t.  ;  ori  may  a  ;  no  b<-  r  rr'vide  fjJ] 

i  o-’ jrn  i  r.  ’  a  t  i  on  of  i  nvij«t  i  r-a  t.  i  r.r  rii-  r:  eon  tu  *  t  f  irth*-r  research  ; 
’  i-.-ioh:  i>  o  t  ■-  L  1  o  n  t -.  r  i  t  i  on  1  data;  n-J :  j  ;  r,i  t .-  <•  ’  -.  i  me  and  if-rerrr.ine 
hone  f  i  ;  a  r.d  report  n>‘<!  i  r  n  !  corni  i  t  ■  our.  r»--i u  ;  r-  .1  :  y  hi*  to  other 
Fed  era  •  ,  rt-i  tr-  nn-i  local  npf-n  '  i  or..  !  t.  may  be  jr.ed  f'  '•  -■  fh>‘-r  lawful 
p'j  rpor'-r- ,  iricludinp  law  onforromon  t.  -and  lit  :  yar  i  r.p.  t'v  •  ■  r.  theafh 
perm  i  ■  te.i  by  law,  whenever  possible,  this  personal  daTa  wi  11  not  be 
release  1  wi  the.it.  vour  consent. 
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"’he  d  1  .to  1  os  .j  r>-  of  ree  t .  !  i  n  fop  pi, a  t  ion  it  volant a  ry.  If  the 
i  n  for:”  a  t.  i  on  i  o  nor  f.irti  i  shed  ,  and/or  not  availab'o  from  other  sources, 
your  v'oluntar.v  p.a  rt  i  i  pa  t.  i  on  in  thin  rr  id.v  may  l-.-  fret-laded. 

I  und-  t.-i  ti  i  that.  -i  eopy  of  tin-  Volunteer  Agreement,  together  with  a 
-■opy  of  this  form ,  nay  he  placed  in  my  health  f-eor-ie  art  evidence  of 
tliia!  not.  j  f  i  c-i  t  ion,  aril  that  additional  eopie.-.  nay  la  retained 
pe  rti-'i  re-ri  t.  !  by  i  he  i  n  V--.- 1  i  ,'v-i  to  r  ar-i  by  the  d  o  v  e  r  ri  ir:  en  t .  T  have 

t-.-eo-i  v’d  op  have  de-lirn-d  to  accept  -,  .-opy  of  tie-  Vol  .mu-i-r  Agreement 
and  -i  'opy  -I’  tdiie  fo’-’-i  which  1  may  k.->  p. 


'  i  rna  v.irc 
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VO  MINT  K  F  R  AO  HR  F.V  K  N  T 


1.  What  will  he  administered  or  lone  to  the  volunteers: 

Prior  to  beginning  the  study  you  will  be  given  an  eye  exam  i  nation 
to  determine  if  you  have  normal  visual  acuity,  dark  ad  ••  r  i  ■;  t  i . 
and  color  vision.  After  the  eye  examination  you  will  *>•  mi 
participate  in  n  series  of  tracking  sessions.  Pining  enn'i  r  ssi  ' 
you  will  be  asked  to  be  seated  in  a  dimly  lighted  sandbag  room  or.  : 
asked  to  accurately  aim  at  track  moving  targets,  through  a  sight:. 
scope  in  a  laser-  designator  device. 

2.  How  long  will  your  participation  last.? 

Your  participation  will  include  an  eye  exam  i  nation,  three  vr  i  i  <1.1  up 
sessions  each  of  which  will  last  approximately  1  hr  arid  !  5  irin  and 
one  test  session  that  will  be  comprised  of  32  fj-svc  triads  th.t 
will  last  approximately  the  same  length  of  time. 

3»  To  what  tests  or  examinations  will  T  bo  required  to  submit? 

a.  Before  being  accepted  into  the  study,  you  will  bo  asked  to  take 
an  eye  examination  that  includes  visual  acuity,  dark  adaptation, 
color  vision,  and  visual  inspection  of  your  eye  be  a  rb.vs  io  i  an. 

b.  Daring  the  study  you  will  be  asked  to  participate  in  several  \'l 
to  5),  45  minute  sessions.  Turing  each  session  you  will  track 
targets  with  an  optical  tracking  device  and  your  performance  of 
this  task  will  be  measured.  Knob  tracking  session  will  be 
scheduled  on  n  separate  day. 

4.  Why  is  the  investigation  being  conducted0 

With  the  increased  use  of  optical  devices  for  ranging  and  tracking 
in  the  military,  information  is  reouired  concerning  physiological 
and  behavioral  factors  which  influence  the  soldiers  ability  to  use 
these  devices.  Guidelines  that  will  maximise  the  likelihood  of  • 
successful  mission  using  these  devices  should  be  established  under 
conditions  that  are  highly  similar  to  those  expected  during 
combat.  fuch  data  can  be  used  for  training  of  troops  in  tlu 
field . 


APrFNPJ X  A  eont) 
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Has  this  pirtiojlar  at.  t  iy  in  lorn-  pr< 
resu  1  ts? 


■vinusly,  a r.  if  f-.o  with 


No. 


Wlm:  incen  veti  i  ences  or  discomfort.",  will  I  1  i  k  *  ’y  experience? 

During  the  practice  and  tost  sessions  you  will  be  asked  to  spend 
approximately  hrs  total  in  a  sem  i -darkened  nan  bag  bunker, 
raring  this  session,  you  will  be  asked  to  track  a  moving  target 
for  periods  up  to  Ad  sec.  Rest  periods  will  be  included  where 
necessary  to  prohibit  the  development  of  fatigue.  Considerable 
•attention  on  your  part  will  be  required  to  insure  valid  tracking 
d,a*a.  Turing  some  of  the  tracking  trials  you  will  be  exposed, 
without  warning,  to  brief  flash  of  light.  The  flash  is  not 
hazardous.  The  flash  effects  that  you  will  experience  are  similar 
to  those  produced  by  a  standard  photographic  flash  attachment. 
These  effects  include  reflex  eyehlink,  temporary  loss  of  dark 
adaptation,  and  brief  appearance  of  visual  afterimages.  These 
flash  effects  are  temporary  and  will  last  for  only  a  short  period. 

7.  What,  risks  or  hazards  can  be  reasonably  anticipated";' 


Done . 


q.  What  steps  will  he  taken  to  prevent  or  minimize-  these  risks  or 
hazards? 


Not.  applicable. 

"1.  What  benefits,  if  any,  may  T  expect  from  my  participation  in  the 
study? 

Come  of  the  eye  examination  information  may  be  useful  for  you. 

10.  What  appropriate  alternative  procedures,  if  any  might  be  more 
advantageous  to  me? 

None . 


11.  He w  will  my  records  arid  data  be  stored? 

All  records  and  data  will  be  stored  in  a  confidential  file  within 
the  Ti  vision  of  Ocular  Hazards,  1.A1R,  PTF.  Only  project  personnel 
will  have  access  to  this  file. 
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1i?.  Where  can  medical  treatment,  be  received  i  n  t  h"  even'  tha*  :T 
necessary? 

Medina!  treatment  nan  be  received  in  the  Visual  Kur.c  :  an  .  •••a 

the  Division  of  Ocular  Hazards  and  also  at  bet  ter  man  ;  ■  my 
Oen ter. 

1  Who  car.  be  contacted  in  reference  v  the  r  cear-T:  it  ;  cat:.-  •. 
subjects  rights,  and  research  related  in, juries? 

”PT  ijevine,  Mr.  David  stamper  or  COL  Pea  trice  car.  'a*  r  u 

any  of  the  above  information.  They  'an  be  r<  a  d  ed  at  ‘  -  •  { 

'7344/'V<  "'(vision  of  Ocular  Hazards,  bAT’-:,  : 


1 4.  What  are  my  obligations  to  the  project? 

Once  you  have  begun  the  project,  we  would  1  ike  you  to  ec.  t,  pi  •  ,  • 
your  part  of  the  project  since  time  a1  'ot.od  for  you  i  r.  vn  l  n;  le  f 
us  and  would  add  considerably  to  the  total  length  of  ?  tv.  sruoy 
even  just  a  few  of  these  participants  did  not  comple’  .-  th-o  r  par; 
..if  the  project.  However,  you  may  revoke  your  consor  t  ;  \  ary  lit. 
and  withdraw  from  the  project  without  prejudice. 

15.  What  Is  the  title  of  the  study,  where  will  it  bo  conducted  -sri  who 
is  the  principal  investigator? 

The  title  of  this  study  is  The  Effects  of  Fepet.L  t ..  -e,  >„•/  , 
Incoherent  “'lashes  on  Pursuit  Tracking  Performance.  The  study  w  •  »  ! 
be  conducted  within  the  Division  of  Ocular  Hazards,  be* :  >■* » n; <  ‘.'•n.v 
Institute  of  Research,  Presidio  of  San  Francisco.  1h*»  principal 
investigator  will  be  ?PT  Richard  K.  Levine. 


Richard  !i.  Levine,  Og 
CPT,  MSP 
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Pr  i  nci  p.a  1  Inver 1 tga  tor 

Edwin  S.  Per- trice,  *•;.?. 
COL,  MC 
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